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INTRALUMENAL DRUG ELDTING PROSTHESIS 
Background of the Invention 

1. : #ield of t he Invention 
This invention relates to methods for lessening 

restenosis of body lumens, aiid to prostheses for delivering 
5 drugis to treat said restenosis* 

2. Description of the Related Art 
•RiBstenosis is defined as the enclosure of a 

pre^ioiilsly dilated, ablated/ or lased peripheral or coronary 
ve^sfel; [ It occurs at a rate of 20-50% for each of these 
10 :/ v prpced^Jas. knd' is. dependent on a number of variables (i. e. , 
vgsj^l iocistiohy lesion liehg£h, etc..) . Restenosis may begin 
"'i^ an angioplasty procedure, but ceases at 

: the erid^of : approximatefly six, (6) months . There: is hot a v 

• eurcent ; : therapeutic procedure has been piroveh to 
15 : . i sig^if ibairttly reduce thii restenosis rate. 

c- v i-:-- recent techkolpgy that has been developed that 

: ; a^ is intravascular stents. ; • 

'■■ pe^anent^fimpl^ " 

■ ;-|e^£Uidfe^ vesselisv* : -- ;^The: ---goh&-.6£^ . 

: ,tbe£&:. stents is .to provide: a Iprigrterm "scaf f biding" or 
, •'•:^kii^pp^; ; :'foi : ^se^^ <{^eh€^e&y vessels . . The theory . 

• ; ^fj|^ur:can?- ; ^Uppo^^-^e^ vessel ■ : f ipm the inside^ the. .-' 
: ■ y$$k&i:. '.irxlp. rid tA' close." dbvn b^y-resfeenpse^ - Un£o^unateiy> • '4^H-. 

' is : shows i&atv;these:^ 

^'-m^^lM^ reduce} ;th : e:r- ambi^t;:y^; 

:'• jre^ehpsis^; .\< \ y.- . ;; : "\ t j}yj.;./*- : - '"VT'} r - 

'■ ktiSmpt's-* -have ^&^erv 

• : 'y :A11;- of theke--' ■. ; V^ ; .£; 

r "'' ' ' * : ipx /:^t£ll^t^^ -:-vii=4 : ^ 

\f/:,v ' : brai^ Very .xlimJ^bd; success.; ha^>- 

■ •;. ;.. - y{;-ft. ^h' Fpr:vd^gvdeliyery^ =a-;: '•'••; : y 

:; ;vV'f ^(Piq^.^^ i^-ei^ioM^^iay- :npt v bk'l$$&',}; 

•: r : \V.3:S^!jBfe is:yery : dlf f- icult witix ; th^%' 

dirag^deliyery ; U ,-; ^v-;: 
through ■. 

conben^at . : r-efst^ti : ngr-i^^^^ 
; -toxici^o;^^ ^/ihiis-; :.locali;ied: di^g^ : ^^ 
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is warranted. 

The art described in this section is not intended 
to constitute an admission that any patent, publication or . 
other information referred to herein is '-prior art" with 
5 respect ^ihis invention, unless specifically designated as. . 
such, in addition, this section should not. be construed to 
mean that, a seafc^ : has been made or that ho other pertinent 
informaSort as-defih^in 37 C.F»R»;§: 1.56(a) exists. 

T i>: e„^ a fy. nk:»ie ; Invethtion . . . : 

: $h^ provides . prostheses which may be.' 
inserted into" ^; l$en. of. a body and fixed to. the lumen waltf 
adjacent ah ^te^'-needihg treatment. , Most typically, the . -.. 
IS lumen will be pki* "of the vascular system which may 

restenose. HSwever, the methods and. devices of the invention, 
are also: suited t^ teeatment. of = any body lumen, including the • 
V as deferen'ki''%^. : :.Pf Oie • gallbladder^ pirostate -gland,. ; • j,-: ,: 
.• tritS^!"^^^^^^ 'or-- any : : bt*ef .lumen, of the .body;:-: ' 
iq ^^&%^LiM&;^^ : ^ & applied without a. surgical . ; . ..• 
• • procedural: ^e^in^ht acute and chronic . ? 

closure or reciosure^^^ 

'i .-. T^^ : prostheses of the inVentioh include, at least:.;- 
' : ' : . bne-; dru^ : MM^ : vil* release; from the device at a/controlled^: 
25-' rate: to ' suppi£ d^g^where neededj'without ,^e overkii^.:^; ; 
■ • , systemic: deiiveri^ ' 'ihe; prostheses. Include mbians : for ,f i^g; 
■ v :'. t&p device;$n' '^-i^i^.^^^it^^ te^es^es^a^^ 

-.f-^ . comii^iy/ifej^ 

,'i-n:'partVs\ich. ' ^atj^jpros^^ses ,yill; ^bco^^a^', .;V 
incpfto^e^ Mp: : pe;^enii;jrai| :*s \ '^re^ilt p£,tissu£ 
Y'- : ' g*o%?;: ! iSt.^^ 

:; - • p»Sl^«*£^ in which-^e;^e;,a^g:,is. v • 

■. ' d if fusid-- but; £rbfo- .the ,blosl»fcj» .ma^e^isis ^iwliiich = 4& A* ;.>|} 



• '•" me : chMicai ; ,ac : i^ -cause. an ; :/; ; . 

. appWebiabie^reiductib^ cross-s.ectibn where : : 

• insertid. .. Conyeritibnar steht designs which provide an :: ; .. 



-3- 



expansion of the vessel are suitable, though not required. 
In all cases, the prostheses Of the invention require the 
presence of an elutable drug compounded to the prosthesis 
itself. With conventional metal stents, the invention 
5 requires a drug-carrying coating overlying at least a portion 
of the metal ; 

The drugs in thfc .prb$lK^as->ay be of any type 
which would be useful in tre^fng;f$he : liurien. In order to. . 
preyent restenosis in blopjj^y^s-is^ and subsequent 

.10 proliferation of smooth muscle c6lis must be checked. 

Piatelfet . a^regktipn and \ad&6kipn , ban; be controlled with v 
ahtipis^elets aiid anticpaigula^ and. receptor ; . 

Vbibck^s^^ t^e-..A6;OTal\ 
: rep-air* ;£e^£ohse'. " ' 
15 /'^"'.^l^^ the: Usage of/3ny.*' : * 

prosthesis which elutes drugs locally to treat a lumen in . 
heed of repair r ; Controlled reiieas^ 

polymer^ off ers /to maintain 'tii(B? : "j(|^g^iwei within the *vdes&re<fc ■ 
' the^pfeti^c : : f or-:-the. ; : durd^i^-; : o€?V^fe- teeaii^tv . : Wlieife > ■; = 

20 "stei^^i^: tefexxedKtbvfcere^ 

definition^ of \- stents as Ithey-'- are^^^d: . ±ri ; intravascular • 
applicatijonsi ^Ste^ . 
prtethesis :)McK ; iliay.; b^ inse^^i^^^^liei4 ; whexre desired in-a^ : 
lumen. : It. includes! but ;is : not : liMitedStd, structures .-such . 
25 as "thbsiS;. showh land .described ln: : U*S.^ 

vWiktor^v;;.-/ .•; ' " ;. v : ," . -^y^^S?-/. \ r ': fV:"- . ^ r .V- K^ :' : -' 4' 

. -: Brite'f Description of the D^aVinas^l .. " •,; "' : i * ; . ■ ■ •? : - \*, \; : K '^*P;i 

; - ■ -V 'X i'": : 'A; detail^d' ^X^' i: ^ : h^' 
30 hereafter -described with ".specif .being, made-j to^ the.fc^-*^ 

drawings in which: 'X':- ' '^'I'-T^-./'^K'' 

."'i<': tIGv l."is./a ;^eatiy';e^ ri m '-l • ■ 

']^i^di}^Bn^l : ;d«g^elutihg ; -- prbs^'?s'Is;;';p^ ?:.the ;lnyei>tipa|. \. •;. • ' \< J. '■ ■ 
.-v."." 'yX'C. FiG.it 2 . iS-a ; '^featiy-v.er^ di : - air >-."}'. ~:J : j.{jJ 

' ' 35 : ' •; alternative l>^:' iv ;\' : 'v: /; =: : ^ : .\;\ : -- 
.FIG. 3 A is a greatly ^ e^arged. fragment of the. "V;" . * 
■ embodiment; bf : : : Flg,l"; * r -v- './•■"'■*./* 

. .. ... FIG, : .3B is a greatly enlarged-. fragment, of the. \ 

embodiment: of /Fig. , 17 in Which two ..layers " of jbplymer are : - ■[ 7 
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present, each having a different drug; 

FIG. 4 is a greatly enlarged f ragm;ent: of the 

embodiment of Fig. 2; 

FIG. 5 is a greatly enlarged microscopic 
5 fragmentary detail of drug shown eluting f rom the.porous 
structure of a f ilameiit: filament coating i ? a prosthesis 
into tissue or tJ^V^^ V. ^. .;/V 

FIG.. 6 i£/a?;tf^ 
blood vessel sho^^ pla^^f £le ^^^^i^ pbsth balloon /; 
10 catheter dilation prpced^e; y' 
FIG. 7 is a greatly eiilai^fed er<fes^s;&tion of the 

subject of Fig. 6 at a/later d 

. figv a ; ; ££Vrk^<^^ of : *r 

: blood, vessel.. showing^ -• 
15 ..pp^t-prbsthesis- ^pl&nt /p^cejdwe;:. : ', • 

F IG, gr Is a ^ . 
sub j ect of : Fig . . 8 after, ;i^growtlv. ^&,Qp<^*^^ y. 

FIG; id i$;:<* ; ^^^^ . v " y 

' perspective yieW -0f : a\ bloq^ 
20 . filament of Tigs. 1 ^dOf i^ed^ 
FIG. ii- is =a : 

• ' perspective view ^ si&jebt bf Fig;. ; ip;: a?ter; ibbut ' one;- . y 

niohtlx; ' • • ' .<-.""• 

' • • FIG. ii'isVa.^e^ 

.25 weave of .prosthesis filaments;-, *"y ,/y.yy. 

FIG. ; : *13; is ;a- ^atly enlarged fragie^t^of: a •.coated;;/: 

. : y\ . . sietal filament; : iirv'.a .i^pkey^^ ■ "y: : ; ^y>yi y^f^i^M ' '■ 

■ y v;': ; ;;. t£&J: 14 : y1s^"^ 
"ih" weave ;qi'-^r^ 

{ £ • ;riG. yiS: : £s^a; ^e^tly \eniarged ■ : f^^nt ;^p| 

"junction* ; ^e^^ 'y$y ^^H^ 

Fid'/-' 16;' is;', a '■^i»^yf6*liig«i" 'f ^g^e^;;o|^ ^X^;^ 
!,;^'s£rahdAweaye : *'of \.^r ^'-< ; ';K : ; i 

\ ?•'". ' * ■ • : '- ' FIG^ 
35 whibh tie. strands are.^ot ;ybven. ;■-',/ y; ; y< :y:." ."■ ; 

' • Desktrip'tion: of the Preferred •■ffi bbd-iWmts • : • / . . ; y : : .y ;~;y 

' h ' pesteriosis y ■■ . / ... 'v v ■ ■ y y'*yf 

"■^•/.■^.V.-." ;'vln;.rthe' siimmaxy-'j -a very s:^ple ; ;d^ -\ : -;' :: \ytf;-: : 
" * reste'nds'^ ^mpleiaeht^tp.-^^^ 
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there are several more clinical definitions, 
these definitions are listed below: 



Several of 



1. Loss of at least 50% of the initial gain achieved in 
5 angioplasty . 

2. Decrease of at least 30% in, the lumen diameter 
compared to post-angioplasty result. 

3:. A return to within 10% ot-1&&:&vfi~mi3±pplasty\ 
diameter stenosis. 
10 4 Ah immediate post angioplasty, diameter : stenosis .of : : 

less than 50% that increases to 70% or greiM^er at. follow-up;: 
.6.. Deterioration of 0 . 72 mm. in "minimal luminal ..- 
diameter or .greater from post^angioplas^ 
7. As for 6, but with a deterior^ 
15 These . def initiorjs . are used by :cari^6lb^i%t:s;;. to ; : cli^ca : lli0:^v; ; 
(angiographically) define restenosis* .-^1^' 



..•Several .hypotheses - exist on->toyl;a^^ 
occnirs> Th# cnicrentv mbst ^wiidei^::^a:cd^ 
.20 . that /re3te^sijs^,is'..a-' natural -healing' £^ 

■ the, .arterial in jury that occurs ;vdv&i^ ■ . :c : r..-y "A 

angioplasty procedures • This very compare ^heal^g^-prpces^.v. 
results in intimal hyperplasia, mo^ 

and proliferation of medial smoo^vm^ ;/ ; The;4q; 
25--- ■ problem v^i5^(^^a;t:ed . -with this : arterial! ^hWa^in#; .picoce^s^ is:^^^ 
l2t-:.- : st>me: i^st : in<bes^::'it : . .-does not. >Hut: :bf f v)^ : ^e : : v a^ • 
continue^/ ,to' ; f!!h'eil^'- imtiiv,it- : bS.COT 
fi^ed- '^at.r^ .iio:£..^ : ^ 
V like : '-chbie^terdi imatsriil; • tt^-rtf&g;^ 
airteryv. jfflBHh^fiB 



30 




•35: .-accordinc^ ii^cc^ssf^^ 
* ■* . aiigi^lasty^'i^ 
• :plaquev:vdi^issec 

- of .endothelial eelHls > f - : exgosure ot ^rbtiijb 
fei eased : tissue- :^rbn^ . ^an&."an? /iric^eas^^i^ 
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protacyclin production. All of these lead to the- aggregation 

of active platelets. 

Figs. 6 and 7 show a typical vessel 3.6 in cross-., 
section after angioplasty procedures showing the interior . 3 2' , 
S of the lumen. In Fig. 6 the interior of the lumen is rpu|h o 
and includes intimal flaps, 3.4. Damage causes healing ^itih 
deposition of platelets, fibrin formation and pr6li;fer^iqn;:; 
of neointima 37 which as shown: in Pig. 7 signifUcahtly v' . 
reduces the interior of the lumen.. .• ! : . -, 

i0 Activated platelets release several' mitogens - , . > 

including platelet derived growth factor (ppppy-, ;; e^ider^l^ J, 
■ growth factor , and transforming growth, factor. PDG> ^a>-: : b^h^ 
mitbgenic and chemotactic properties and thus , jmay in^iucie) ; ' ~r 
both, migration of SMC from .the- medial layer to ^^i^^i 
15 liiyer as well as proliferation (intimal hyperplasia . .. /'*PGF^ 
causes SMC : prblif eration by bindingV to specif icP.DGE. :. : , ; ^ 
receptors. Once the PDGF is bound to the receptors,^. . ■ ■„' 
deoWribosel nucleic acid :(P]HA) synthesis occurs arid -^ : .c«ii^ ; 
' ' e^e->6p>icited. Minor endothelial injury ma# causey -p%te^et¥: 
20 adhesion akd activation . with the resultant release:^ :^DG|.^;' ; 
Thus, even the deposition of a monolayer of platelets may b^. . 
sufficient to induce SMC proliferation. . "^f f 

• . . pebper arterial injury which is sometimes; V ; ;= ; ' ; 
. : associated^ with complex stenotic lesions • leads' to^more^x '^-jj 
25' ' extensive platelet, deposition and . activation.- ^|cttvB^.:f au^ ; 
• .ari:.e'^4n greater availability of the : mItogeni<^ 

ii>criased ;SMC prplife>^on; and(.i^mal %P^Pl?^^ if 
^Arterial-' ihjury ; from "^gioplas^' may/'res-^ v - 

^iTC^i^r'co^ou^;'. from- not biily ipiateiets^b^ 
•30 . r&cvophag^&ono*^?:**- ' eh^t^^ial ; -xells pr^SMC';^:./;^: |^p^ : .: 
.• -^'l^e^eives-. ^['-f. 

,:'::.- : A^iyated' SMC .from humjan/.a^e^oma . brfo^owi^.:^^ 
Vexp^ii^ 

35 "'.'vhifei to lead to. self t'p^^il^tlOT^^/iTO'. ' rj-jy: f^';';f 

proliferation • by the ' release of • their own ' pbGFTiike:. ,;' ;.: . 
;;, . substances'-.' . : .Thus-/. any. or ^all : of i the cells. :whi?li. : ' can.- : ^e?r.lBj|' 
..PDGF rtelated; substances (platelets, macrophages >• monocytes ;V 
ehdbtiieiia, . and smooth muscle cells) . may contribute ;^p; /the^;; 
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cascading effect of restenosis after angioplasty.-* 

The previous restenosis scenario resulted from 
normal angioplasty procedures. During balloon angioplasty if : 
the balloon is undersized or not totally inflated, arid the 
5 plaque cracking and extensive endothelial denudation does not .: ; 
occiur the lesion would restenose. Rheologic factors 
contribute as well to the interaction between platelets and . > 
the arterial wall. Residual stenosis, resulting, from - 
inadequate balloon expansion, produces a high local shear ; 
10 rate and enhances platelet deposition and activation. These : 
stenoses may be important as a stimulus for. some - 
££oliferatidn through enhanced platelet deposition and 
;v'":ilcret*ion- of-'' 'growth factbrsv ■ This ; hyppthe^&^cprrel 
;/V the- increased; incidence . of restenosis in-, patients • with high^s; 
"$5 : -' : '^)r^ or 'transtenbtic •gradients-..:'., .■ '.. 

prevention of Restenos is • ■ 

in order to prevent restenosis, on0-mu^;istbp.;the: " ■ ' r >'ys0^ 
20 • ' ■ pr^llf fer^t4 : dii->-o'f = ^smbotli .muscle; cells .; ■ As jslsifcedi; $axi.t&T. 9 . ■ ■ y 

vitats".' ±s'^a bibc&emical process which cannot: fte; tijeated : .7. ^ ^ 

' . .m^chE^icallyv Several hypotheses exist.; on vhow jtqi* 
. :: vbiocihemic4lly ' stop '.restfenbsis . " Some ' of., which. . aire* : v : / : 7 

25 i. '■Kedkb'& : " ; ttiie- adhesion and aggregation . of v the! platelets at;. :£ ;: -f>;- 
• the ''£^i^ : i^iy^ixi^\s±^. • -. ; 'VvVv^^- 

• : :' : -:2;. ;. * : * ;-;Blpck:; : i]ie :: ;expreis^ibri . of . the grpwth -it actprs' M<fc; : theirf = 



•i- cpmpetitiVe / : : Mta^ohists ^oij^e^^pye- " grpwth".': ; 

30-:-Ofac;t^^ // : *:;;/'^-V! 1^/^}^^/^ \^{^ 

{.y\; : ' v 4>' ; iriie-rf j^evj/ith ; 'the: : \receptpr. : si'^hal-ihg -ill /thii'i'responsiye?; 

; ,'. 5;; " ;>Fihd. a ^natxiral^ inhibitor^ of ;i5mdptt;:mi^cl.eV. v - \.r/.i-'£ 



.^:..;\44«a-;"#l :; is' directly ' related-/ to: th<a;,f prmatipn : bf ' : ^ 

'.pr;bce : du;res;v #.3, /and ,#4 are -closely ^related V./iTh^y,-. •/ . 

deil wi restenosis during, the 'Passive, cell -V-- v-V.; 
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migration and replication cycle. Unlike item #1,- these items 
address the growth factors that are produced from sources 
other than platelets. Item #5 is listed to address the 
question, why don't the 50-80% of the people who don't 
5 restenose, restenose. There may be some type of natural 
inhibitdr that these people produce that stops the 
pf plif eratipn. of smooth muscle cells 

There are at least two (2) different ways to 
10 prevent the adhesion and aggregation of platelets* One : 

method' is to u£e an antiplatelet and ainother is to use aft . • ; . , 
an t ^icbagui art t. 

^^ti^ such as aspiring 

. and: dijj^y^i^ is classified as an analgesic, ;.;* , >:4 

15 ahtipyr^icV anti-inflammatory, antiplatelet drug, it has ; : ; 
b£eri clinically tested and proven : to reduce the risk of • 
sudden death: and/or non-fatal ^ reirifarctipii in post myoca£dial| 
inf^efcion * ( heart attack) patlerybs. The : proposed "mecAanjjsiv A &, 
■of - lww: : -.^p^in:.^b . ; rfelatbs-:.^r$^l^ the; ■ platelets^ . ■ 
20 spiiie^wl^oc^^^ ies^ibtihg coagulation;. Th^L/ 

prevents : the: !e platelet aggregation found in t^bm^us 

and resl:ehpsi^ Aspirin is therefore a possible restenosis 
ihh^bltldy ^ ; Dipyridamole X3 ; avdriig: similar to ia^piriri, in; 
•. thit y$s : : vixas :"-:OTfei^platelet characteristics* Dypridimole - is= 
25 : also^ : '^a$$i^ It .iiicrea^e^v 

... ' ;CPTOna^; : :fe^b.b4-::: f loy ; by ■ prij^ary vsfeleetisr e\ .dilatation.- of; :1^e : > : M, 
. cp^iii^ 

: ' ; '.- c^^G^^$t|?s'{;ar e. • ^qugjit ^ fcb^be XpoSsib^ f^J 
V:-* : 30'* :'-:'res!t^psi^^^^ :• 

;::,/.■";= ^ 4?U9s i^i cliidd- Heparin, ' :Gbumadih , /:: v; •"{':'•*?. 

\':^' m ^pt • Hepa£in' : is-;^£ ; ^q^ ''}><'^A^i: 
''• : ; . : 2&;ti;G6i^ 

. .".35 ; " i^ ^.ed j: in j yi^^^ /pevtpr^kd^i} 

'.«".- All. ; : ibt^C(^ 'aftticok^lantr;';b^ 

:preVen^ atgeht ^wtiipllv : '; 

• \ : :.;/,^aus'e^^ ::tbo y ":m^y: : ;:reduce 

/.efi'ec^;^ at the lesion sifc^y thus -' ['■':}[•£ 
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possibly reducing restenosis. The use of Protamine in the 
presence of Heparin causes the Protamine to function as a 
Heparin antagonist, blocking the effect of the Heparin. 
Protamine, however, used alone, acts as an anticoagulant. 
Hirudin is singled out because it is not normally found in 
the human body. Hirudin is a drug that is found in the 
salivary glands of leeches. It is a very concentrated 
Anticoagulant that functions in the same manner as Heparin., 
Coumadin , and Prbtamihe . 



There are >eyerai types of drugs that interrupt- 
ceill- replication. jtofci^^ agent^) wbrk 

dirWdt^y^tb- prevent cell^M^ ;wher$a^;. 
'-<!. -::-"miimife^olites prevent: £eqxy^i^ ... 
i5 syMfcssis , thus preyetiiing riepiication . The .acsfeipn-- of the . 
antimitotics arid ^t-iiifetalSbl^LliieS are so similars, : tfcey will be 
: grouped; into one catiBgpry . This category will be Mown as ; 

*'2'0':' : ' \- ' -Anti^^^ 

Me^ VinBlastihe, 
^ The tarrget: systemic 

on the order of lb M 
" vith^a • ^krige.: of' betWeefti 10- -;'ta 10~ 8 -Molar -LQcalily , ;. : the- - 
25 : mPlaHty;: of the drlig iay • bfe; highly variable, which : i^ on^: of : 
v-^e>gr£*fi^ 

: ,;.:::^g^;-M = :• 

735 £ ^ii^ •^•^drug^shbuia^ 

-lie:." rei;ei^ ?4 : ; 

''th^^^ ^^tfc prblif a^ipri^ ; i- The :d^g-; : • ; :;Z 
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prosthesis. An anticoagulant or antiplatelet may be included 
on the outermost surface of the device in order to elute off;, 
very quickly for the first several weeks. Antireplicates can 
be formulated into the device to continue to elute later, 
5 when in contact with non-blood cells after neointima 

overgrowth has surrounded the device. This usually occurs in 
about two weeks. ..The drug elution rate does not need to be 
uniform, and may be tailored to fit the need of the- patient. 

i0 Prosthesis f Ste nt V bfesttm 

The current invention contemplates; the usage of any 
prosthesis which elutes dm 

need of repair V: v When ; "stent" is referred .to herein, it may-,-. 
15 include the classical definition of .st^ts : as they are used ' 
in intravascular applications. ''Stent" jased herein also 
includes sn£- prosthesis- which . may be ijasertjed and held where, 

• -•' desired -i^-a' iaimen;;. - ; , '■■ " " 

. ;'?i^-i' : %--'-^^Higtt- I7"«iittw f : ^€\urfe^^of- : sbme of the. 
20 prostheses which may. be used to cai^ry and. elute restenosis 

' ,I^t^g.H^gSp•i•• ; '^ : : ^• : •.'•' 

Th>. current preferred • ^ent'vlflf^eoBifSigJMffttion 
consists, of a; single filar, mohofilamentj braided 1 mesh design 
as. shown Vin Fig. 1. There are si>cti?eh ([ 1(6). filaments 12, 
25 . eight (8) - : of . :whlch..are wound iii one . helical direction, and \V 
the .remaining eight (8) which are wound- Inv'th'e opposite ' X f 
■■ ditecti^ i s .- self-e^aridii)^' ;'i%'J[;'^e4«t;ermin^: 

'^diamet^^t T#e /profile?' ;((diamet^)-f ^|^efii|; : .lQ- ;can- . b^^J 
■ eksiiy-#e^d%ed ; by: piiiiing th^^^stent^ 

' io thisjr^ . i:aii: ; be . : : ^?- : V 

• ■ .ibkded^lhtdiav.-^ • ' -f$\\ 

■' \ |?bh> : '. stent 20 shown.;; ^yMg^es^ ahd,: 4\ is ;a'-. metali : i& 




35 : ^0^Mri^0^0^^ >; of: : the j^ti^ : |f^^ iriciud^a; 
■■ ; 'V !'^A^^/;^J^ith : ' : M'' dr^g-elu#^g ; ;pbiym £^ v ^^f.X; 

ihe> polymer jmay '. be bibstabl^ of ,; ^'ib^soibable .. ; If .b'ibst^ble , : 

the- drug ...would diffuse out of the . polymer... 

The : variations 'of -;: design, shown- : in 'the : embodiments;.'...^ 
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of Figs, 1 and 2 show that the prosthesis of the invention 
must be secured against a lumen wall and must carry a drug- 
eluting polymer. 

There are many variables in the design of stent 10. 
5 The angle (a) of the filaments 12 is a. major variable. The 
ingle a cah vary from 0 degrees to 180 degree^. The design in 
the Figures is based on an/ angle in tiie .60 decree to 90 
decree range. 

. There are many options, for fabricating the drug 
10 eltiting stents. One option is to h^ve all sixteen (16) 

fil^ents be drug eluting. Or; ypti /could have any number of 
fijzotiehts :up to sixteen drugs. . 

Another option is to have a^muii^iiisi;; jffti|nt* . .in$t^aa : ;o^>i;\-:^ 
■ . single fii^ .pdssibte/to-. W}£> 

15 have two &) : , tlir^e (3) , or even :fou^ (4)- strands 16 •b^id^-:.-' 
to form a filament 12 as shown in Flgv i6. : This would creafefe' 
= : a stent much greater e^ari^i^ forcer but also h 

..;-=:■ mbre^iifiaterisir; in the surface- .are*./. : v ; Thi£ ; is. ■ a. pommbn. :y 

26 iiult^^ in Pii^i- : ;i^ ■•; 

" of; strands 16 - that , are di^g-v^i^ingv . : ;;i£Qs • • 16 : i^d "17 stipy ; . 
tliafev'*he" imuitir-f ildr ^desigri^ : mip : b^ br&idedr or t^raiided 1 * - '"■ 
(1), two: (2>j thifee-- ; (3) ; <^ : /f*^ 0^ud;iT.^; 
be. • i^pr : e^kted1. with 1 a;.' : dtu"4.' :: an^; ;bi : 6de^^d^ly^ eiute *• .. v ■■■■y ' ' Cp- 
' 25 Ait4rriativeii pie gblyxner:/; may;; bej-bips Sl-lbwV; f 9*j\: f 

*' ■ dfcf £uisl&^ ' 
v . y>[ : • yj ;(irhe -stent - -lb:;' of;; Fig^sfc : c6ns;ists: . of; 
: m4sh-- : tfhta^ 
: whose p*oi$^ 
30 -\intrMtfrt^ 

• > ■ •• [ "jf^eter; ; -to u - the' i-poiitt : of - Me?;s^^^^ed : -dia^eter 

<: -at : whic^ p^iiit an(i{:^e.s-\;.;{',: v 

; l"dfagi%u\^^^ :..&iftai^^ 
•;::*":';' • "iiterait&iy S = / 

-3 : 5'.^e^insiw i2^'sh6ws filaments •}i?\:bein#: ; v^;^^ 

. wpyra'. ^ . : : : : ifi : ^re^ except;;-;.;^ 

. ^ : £hj^ :is' - fbtiied: -Vf^^me&i- corfe./l'S : ;a^ 

bonded" .juh ; ^^re -18 '3unctures>:i'8 - : pf events;/ 
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the individual filaments 12 from sliding relative to each 
other, which improves the radial strength. The mechanically 
kihkedl junction 19 shown in Fig- 15 also limits the sliding, 
of the filaments to change the radial strength. A heated ; 
5 platen press may be pressed against the wound stent while ; 
still on the f orming mandrel to f orm th<k kinks; Higher 
t^eratures may be used; to form the melted junctures 1.8 , 

The devices, may be made more visible undier 
fluoroscopy and x-ray by incorporating radibpagiie materials 
10, intb marker bands 24 to the individual filaments 12 at the 
ends of the stent 10 as shown in Fig. 1. Such bands could 
: ^ : heii> to locate the stent- and -assure proper .^la^mgrit and,.:. 



,15 



20 



tti oabsbrbabl e . Pr bsthes is ( Stent 1 . feteifjals,: 



Controlled release; via a bioresorbable pbiymer, 
offers to maintain the dru level within the d£^e£ ; . . 
thar^eutic range* for the duration: of the toeat^ent. ^n the 
•^e/ : qf stents, the /prost^ 
■^ippprt fpr at least two *'w : 4^ 

vessel wall even with bibabsorbiblie , ;bipdegi^^ 

■V""?\"e6^ *• ■■■"V->. : -;:y; . : .:' : " : " : : : -V' : ^ " v ; y;;-:;V-:^. r . 

Several- pbly^^^ 

• bibabiorbable and hypbtheticaliy have .^ie,-.^^ • 
.25 imprecated. may : be ; useful jto./prps herein> 

• ■■. : These ". compounds'-, include Ipoiy?!^ '■" . 

30 l: ''kptM9&& iea^s. ^ie^ar^a.;of ; >4; ± ;J; : | 

• ' ."cn^entiiy ' - available . ih. ; manyyf ormsy . - i* ey ; : : 
•;;,v' ;v bipekb : >. 'plates; : >etc : - The^e ; -- : comppi^^ 

■ acid# v : : ,|lfe^r^ 
v^-" ?%^?bfei^^ with ' - ihi$ : : cp2^p^d-;> 'f^Thg; :S&^^ 

• :y : \^oi^ir/;A^^Afts-. :This ''s^iii'fi^ 

; : d^tr^;ehtal ; : i^ ^y^:. 

"f''\." ; ' pcfeiuii'o 
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the ability to control and predict the degradation behavior. 
It is not possible for the biochemist to safely predict 
degradation time. This would be very detrimental for a drug 
delivery' device. 

. . . . -5 " . ; ' . .i; 

<;] ' . • : pQiy^^ri^i,.U Thfey ar. e ; currently : being used with several:- ■ _;, ^ 

|?¥.;: fi;Z. .J/ ■ • c : hemo^r&,'dru^"^e»f the- treatment -of d|hcer^us tumors-.- V.^'J|^ 
• The$e ^gs^^rivc^punded in the :p6iym:er' wb.iph : is noia^: 
' . into ' a / c^bfer r^rdctur e and surgically • implanted at ^y^+£^_ 

■' -10; tumor .-sitey. .. , 

; '.^di^!^y'o^ri|&ji'B • have' •weaJcnesfte.e;- 4a*.- %fce4;r 
'Aii'-'y.L- -r • . properties^ :vdujvtp ; ' ■ Jow.' mpiecular weightsy:' '.^is. drawback '] : -- : y&0,-: 
&A : -y^'\ - ; japies • th^p^ill iG^il^.^b process' /into-.; a : ^ jLlament. form . . • 

y'i'-i^ ^'p4iy^yto&B»''have poor sbBjtoility, nuking, .characterization-;;! v ; '; ; |||C 
: ::ri5 ' '--aiH^ ^1 

ester; »• • Pplyphpsphate . ester; is a proprietary compound which. ■ ' '^y^ 

>^'-;.^:- : ^' ■ , . is ri*r*e^^ hy J^,-V^ : ^6^:;^..3c^ Hb^^g:^:>| 

^QtJnjJv^era ; Sim^ar ; tp v^e^^ -K.^cSj 

l>£ V^Q-^pbiy^o^p^^ purpose: 

' '.-pjE ; b^gV:d^liverVv /-UifllJce the pb^EUihydrid^s>/the • ■ '0?£ix 

^.:'vj-.^ppi^ (60M^:- : .^ 

5||^V '- •" • f ^^:lp^p^rti^.;r It? has'.' al^o:;rb#en c^e^ed: : ;that they-, ::;-cp.;^;';^;||^ 
•;. ^.^Vp^^a effect;:: ^icix *l.owe^s . a -If fjf | 

^^i^V^r^.-'.^ 7. 'T7- :'where : :. : P' : / TOrresp^n^^itq; ;#nbsphorbiisXv c i • : '*:y. : : . : 4-V\A':';? : y^::;;;^y : 
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O corresponds to Oxygen, 

and R and Rl are functional groups. 

Reaction vit* water leads to the breakdown of this compound: 
5 into mo^ric; phosphates (phosphoric acid) and diols (see 

■ : beibw);v:: ' .;' . 

. - ; ^XJ^fi^-Rl-b-)-- + H*0—- HjPO, + R0H + HO - Rl - OH 



ii- ^I^^th^ :: h^iy€ic ' in^i^#Vb| -the :P hosphor6us ; ;:es^r : ;;^v;< 
^ -^^ni^SSc^'. thi* ; !&m& i ^*^* for controlled drug 
• •reiekfe-fe^icatiorisv,:^ wide^range of controllable , ^ . 
'• ' -<de^ata&h: : ;rates ' : can* be; :obta : i^a>*y: adjusting- .trie ; • ^A'-.. 

^h^bpiobto^ies; of the .^ackb^nfes; of the polymers .*i?a -n^V 

:• ^Afunctional. for the chei^^ 
linkage : of ^^drug! M61ecial0s-?tp. -^*e .SPlyner . This. i£.^h;ovfw y^%\ 

•25;.: : ' S- : ^o"j:- ' "• • • • • ' '• V ■ 'VAv.--^.-'5 



•30. 



b 



7 / : ; of j^^p^Ynt?^ 
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— (-P-O-drug-0-) — 

5 OR 

In suitoary ;- ;tHe. highly hydrolytically reactive 
phosphorous, iester; bona> t^e favorable physical properties, 
. and the versatiife; ch^icai si^cture make the polyphosphate 
±<y; ; >. '4st'£r& 'a. /su^er^r : -drwg^ [system-.; f or; : a\-prosthesis . • 

Figs^ maybe;.- 
-iade^ ' f rbfc;^^ ..pf -.pplymier.- . -In -.Fig-. 3A only • - 

. : a : ^in^Ie^polij^ 3B a 

. see'ojid layer of; shown. That l^yes 15 may be a : 

15; : simple ba^ieri^Mdh^ 'i^ts-:diffusibri of drug^in the polyiner; 
14> ih t&at ' ei^^ out 
•imnifediat^ would hot eljite until 

later \when\'t^ . 

- ' iay&fv isCmajjjp : - i^^^ 'i^cp^i^aKted- therein % ;; 
20 :$top ^at^fpi^ 15 could be 

as js^ 

;;: : ; operation : .;. 

■^^pfcdfi^^s^s is insSrtetd into the Ibmen wherever 

. ^n^died'i asVp£r- tKie- ; \&u^ stents:^-;' The ;deyice; ls-;.;/. : 

:2;5 : - • -f ixed^iirtd^^i^ eiti^jbyv racial expanstpiv^^ -such 
'. ; . ■•' a^^hdwn:- -inS l$$y .- ; l-Jbrv.^ 'by^'.'ba^^ :ca1^eter;''vin _ 

/^•,pfp£^ 

- <■ -^T^se^ 3 8 • is'" ; c6htroiled : ;"'and -iairii&i^d^ 

/ \;bY'-;;:^ 

\ 3 5>;.;; : deso^^ -.^ci^Hed fthro^us ;£ oCT^^ri^ -: : in:litHe.^; 

. 7' ; : areas:v^^ 'roughened>plk<^ 
■ ; Aiiideri'y^ 

'■ii'.';. ^'^decr^ased^:; : VTfiis\ ; resiili:s iii -limited '.;b^ neoihtiTOaO^.^ 

. f o^atiort ^ i^iyiduai, -'sten^V 
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filaments progressing to nature endothelial lining. Long 
term restenosis is therefore limited. Elution of the anti- = : 
replicates alone or iji conjunction with the initial elation -:, 
of anti-cbagulahts can also limit the restenosis which occurs . 
in the natural- laezlinq vxo&ss . . \ 

\^d[ferthis ;inv^ .. 
different fo^vp there are .sho^^tlie:: ^ravings and 
described ^dfetS^ herein >pecii ic-?p^ef^tred embodiments- of; , \. 
the invention: . The present dlsfei^tire-^ an exemplification. ... 
of the principles bf the invention : an& is. hot intended to 
limit . the .•inv&rition : tb the, particular: : ejabodiments , • . 

illustaeated*;;.:-. • '' • -i.- : :.-^.'.-:'r;.'.. ■ r .-;>;i-i. 

ihis ' completed : - the ;de'scrip : lt:i6n ; ' ■pf.: the preferred { and V 
alternate e^odimerits ,o.f the inV^tion. ..VThbse skilled. .. in. the.;,: 
art. may recognize other' 'equiv^ent?;'to. the specific ■ • : • .. 

embodiment described herein wb^<ch;; e^^alehts; are intended- to 
be encompassed by the claims; attached. hereto. 
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WHAT IS CLAIMED IS: 

1. An intralumenal drug^elufeing prosthesis comprising :• 

a prosthesis having means for fixing said prosthesis to : 
ah interior of a luinen, said prosthesis being constructed and 
5 arr<angied such that at lefet -a - pokl;pn, of . the exterior surface 
of said prosthesis is f pi^ 
which limits acute 6r:.chr^ 
• 2- The prosthesis of eiaiia 

includes at least two separate " layers of polymers, each of 
10 said layers including a dif f er en^d 

.3 . ; lite prosthesis : of Claim i:^6rein. said drxig^ is*: selected" . 
from .th6 grbup ccmsisti:^ x;V> 
^ahl^feba^larit dr&gs ; \-^i^r^t^s^k€oi^y <#iSg£; £nt^iiti&p^^ 
' \ V4f\igsVi^ ." ; viv--:v 
15 4 ; . !The prosthesis ^ Claim, i ;whereiri said polynfer . is • ..' : ; 
biba±)soribable-. 

5. The prosthesis of Claim i^^W^ 
,;;seifVe^Md"irig. kterit. : , .-\ \ 

\\. /""" : 6; ^' ^vintr^ 

y : 2:d • . j - ;' : .a. jsieni^h'a^ 

bbdy . that . is' - variable' un(ter : : ;^ial mov o f \ ;4nds>:'^ ; 

■• bo£y .■ relative to -each^otlter^^ faeiftcf 

plurality- of : thready el^^ fj^/ 
\ hedix^c&rfi^ 
55*: ;bipinmon 'ix±s/ said body- 'inciudin^ 

'.- : . • helical directions j / a^d y v ; - vW : -i :^?v/ ; : 

K 1 ?^ •' 30"w el^mehts' xfifcludes several 'ito^ ^7^)- > y^0^i ^Civ^f^^--^:^ 

;y - : " -,;35 . ^6i^Bf}^ipto. : whic&/s^ ii-'ycpi^^ 

v^;/ V"-.. <""-;'.$?&^^ 
By '"/^PC- r -'\'\ ".. • ; ' is : ;^^pq^d^d;; . aid', jco^t: ^ ^di;£ iii^xiiri^ b f th^> : ^ 
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11. The prosthesis of Claim 6 wherein said drug is selected: 
from the- group consisting of antiplatelet drugs, 
anticoagulant drugs, antimetabolite drugs, and combinations of . 
said drugs. 

5 12. The prosthesis of Claim 6 wherein said at 3ie^t one of 
said element;* includes an anticoagulant. .-?^V- : ?o^P9uniaed . 
therein and at .Jeast one element includes . ^n : antimetabolite : : . ^ 
drug compounded, theriein. "Jx./. 

13. A method for decreasing restenosis .in ^ ^i^ai . lxa^en 
lb comprising the steps of: 

(a) inserting -a. prosthesis compounded with ait ';least one ... ; ; : : 
restenosis^limitin^ "cirugwirito a lumeh atv.t-hp point : :.where : : .,.:V- 

restenosis m^^o0^^' 'X :\& m 

(b) = fixiri^ "to said "lumen ; suc^^ljiat it _ 

15 wili .stay xigi^yi in piaifce. ' ' ' ? M;}^'yp 

14. A method for : t^bating. a lumen in a,^o4y) : in; -neec^ p.t .: . • 
treatment 'cp'riprisi^ of: -.' ^ 

(a) inserting ipr^sthesis ' -into*: the : jtumi^'^iji' .nefcd. ..of . : >;V/; 
20. treatment- at the £^ea whfere tx^ ■. 

prosthesis being cbmpomided with at least one . d^ 

in treating th4 : . luMen;. and : ..; iVVv.'.'^V 

(b) f ixiii^r said/prosthesis to :said iu^en: ^uch" that It 

• will stay.: where pbsitioned> • - : . : v;\V;'^-;:(;.;L 

• : ,15.. - A ; ietlib*. iot. -iiMti^^J ;^cmte.. : .br:: : ;ch^^ : ^c^^ipb^e : -^n;C^r^ 
"\" : an. ^im^'Sl^^ comprising:' the* .{^eps; : b£:k* ■ ; N V^v^.. : | -v^ 

•*.;VV : iMst -*c^e : *:i^#n;-;C^ 
• : :pr<^idfe/a^ 

• l"6.: . ^./intr^ c^^-elutihg ; p^ostoesik ; ^cpiprising:: '^QSf^'^ 

"...I . v. ; ' : a gfeh'etally.'t 
• : J: ' ':' ;"sai'd./prps^^ 

• ; j;: Obei'^ suchv.^at" "at;.; 1^4.3 1;.'^ 
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of the exterior surface of said prosthesis is formed from a : ... 

polymer into which a drug which limits acute or chronic 

closure is compounded. s •. : 




v:-:-:- •x-'--' ' " • ■' ' ^P.^ •/ •<• , •.' ..' . ■= • :. ■ • y>\ : 
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